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In  previous  communications  (1-8)  there  was  described  a  phe- 
nomenon of local skin reactivity to culture filtrates of bacillus typhosus 
and  other  microorgamsms.  The  reactivity  was  induced by  the  in- 
jection of  a  filtrate  into  the  skin of a  rabbit.  If  24  hours later  an 
intravenous  injection  of  the  same  filtrate  was  given  to  the  rabbit, 
there appeared an  extremely severe hemorrhagic necrosis at  the site 
of  the  previous  injection.  The  factors  determining  the  local  skin 
reactivity were termed "skin preparatory factors" and those responsi- 
ble for the local injury following the intravenous injection were called 
"reacting  factors."  Features  characteristic  of  this  phenomenon as 
well  as  certain  properties  of  the  skin  preparatory  factors  were  de- 
scribed.  One of these properties was the specific neutralizability by 
immune sera of  the skin preparatory  factors  (2, 3).  The object  of 
the work reported  in this paper was  to  determine the  effect of sera 
upon the Bacillus typhosus reacting factors. 
EXPEIIIM-ENTAL 
Titration of Bacillus typhosus  Reacting  Factors against a  Constant 
A mount of Skin Preparatory  Factors 
Filtrates of washings of 20 to 22 hour old Bacillus typhosus  cultures 
on plain agar  (TL  "agar washings"  filtrates,  Batch  "AT")  were em- 
ployed.  The method of preparation of the filtrates has already been 
reported in detail (6).* 
* These filtrates  were chosen in preference to those previously employed (2) 
because under the conditions of their preparation, there was present less extraneous 
material and in all probability less bacterial autolysis. 
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Preliminary titrations  estab]ished  the  fact that  a  dose as  small  as 
0.25  cc. of the filtrate previously diluted to  1: 100 was capable of pre- 
paring the  skin of some of the  rabbits to  the  phenomenon  providing 
sufficiently large intravenous doses were subsequently used.  Because 
of the  high  dilution,  however,  there  occurred  individual  fluctuations 
(2, 6, 8).  In order to obtain a  high degree of reactivity necessary for 
the work to be described, rabbits were prepared with many multiples 
of the above indicated minimal skin preparatory dose and the reacting 
factors were titrated in these rabbits as follows: 
Protocol I.  Fifteen rabbits received each one intradermal  injection of 0.25 cc. 
of the undiluted filtrate "AT."  Twenty-four hours later the rabbits were divided 
into 3 groups of five.  Each group received  a single intravenous injection of  the 
same filtrate.  The first group received 0.05 cc.,  the second group 0.01 cc. and the 
third group 0.005 cc.,  respectively,  per kilo of body weight.  Four and one-half 
hours later, there were observed severe hemorrhagic reactions in 5 rabbits of the 
first group, in 4 rabbits of the second group and only in 1 rabbit of the third group. 
From this titration, it will be seen, that 0.01 cc. of filtrate "AT" per kilo is  the 
minimal dose of reacting factors capable of eliciting reactions in a large percentage 
of rabbits prepared with 0.25 cc. of the undiluted filtrate. 
Protocol II.  This experiment was identical with the experiment of Protocol I, 
with the exception that each of the 15 rabbits was prepared by one  intradermal 
injection of 0.25 cc. of the filtrate "AT" previously diluted 1:4 instead of the un- 
diluted.  In this experiment there were observed severe hemorrhagic reactions in 
3 rabbits of the first group and in 1 rabbit of the second group.  The third group 
showed no reactions. 
As is seen from this experiment, 0.05 cc. per kilo is the minimal dose of reacting 
factors capable of eliciting reactions in a large percentage of rabbits prepared with 
0.25 cc. of the filtrate "AT" previously diluted 1:4. 
For  the  neutralization  experiments  about  to  be  described,  several 
multiples  of  the  above  indicated  minimal  doses  of  reacting  factors 
were emp]oyed in order to be assured of a  high percentage of positive 
reactions in rabbits.  Furthermore,  inasmuch as a  certain proportion 
of  rabbits  was  spontaneously  resistant  to  the  phenomenon  (1,  2)  at 
least five rabbits were emp.loyed for each neutralization  experiment. 
One batch of the  filtrate  (AT),  stored in  the  refrigerator,  was  em- 
p]oyed  throughout  the  work.  The  filtrate  was  first  used  approxi- 
mately two  weeks  after  its  preparation  and  this  use  was  continued 
for two months afterwards.  Since there were observed changes in the 
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trol titrations  of the reacting factors were carried out during the two 
months.  In  addition,  whenever  a  serum  neutralization  experiment 
was carried out, a  control group of 4 to 6 rabbits was injected with the 
filtrate  alone.  These  experiments  definitely  proved  that  the filtrate 
"AT"  did  not  suffer  any  change  in  potency  during  the  two  months 
in which this work was carried out. 
Neutralization  of the Bacillus  typhosus Reacting Factors by Specific Sera 
The anfityphoid sera were obtained from horses and rabbits. 
The immunization of horses was carried  out by simultaneous weekly subcuta- 
neous and intravenous injections.  Filtrates of 6 day old Bacillus typhosus cultures 
in tryptic digest broth,  as well as toxic substances precipitated  by ammonium 
sulphate  (8)  were  injected  subcutaneously.  Unwashed Bacillus typhosus heat 
killed vaccines were injected intravenously.  The length of time during which the 
immunization was continued before each bleeding, is indicated in following tables. 
The doses were increased by 25% each week.  Previous to the bleeding on the 
eighth month, some of the horses (e.g.  ~ 2 and  ~ 4) were receiving the following 
rather large doses: 400  cc. of vaccine, intravenously,  1,200  cc. of filtrate,  sub- 
cutaneously, a suspension of 9 grams of the precipitated toxic substances (a yield 
from 1,000 cc. of tryptic digest broth culture filtrate), subcutaneously, and about 
400 cc. of the vaccine intravenously. 
Rabbit serum R201 was a mixture of sera of 5 rabbits immunized by a method 
similar  to that employed for horses.  The injections were carried on for 4 to 6 
weeks, 25 cc. of the filtrate was the largest subcutaneous dose and 20 cc. of the 
vaccine was the largest intravenous dose. 
Normal rabbit  and  heterologous horse  sera  (Meningococcus and  Erysipelas 
therapeutic sera) were also employed. 
The  experiments  were  conducted  in  a  manner  similar  to  that  de- 
scribed in previous papers. 
One area of the skin of the abdominal wall of a rabbit was injected with 0.25 cc. 
of the undiluted filtrate  "AT" or 0.25 cc. of the filtrate previously diluted  1:4. 
Twenty-two  to  twenty-four hours  later  a  single  intravenous  injection  of  the 
filtrate or of a mixture of the filtrate with a given serum was made.  The mixtures 
prepared on the morning of the experiments, as well as the filtrate alone were in- 
cubated in the water bath at 37°C. for one hour.  The precipitate in the mixtures 
was broken up by shaking immediately before the injection.  The readings of the 
reactions  were  made  4½  hours  after  the  intravenous  injection.  A  rabbit  was 
recorded "positive"  when the prepared  area of the skin showed severe hemor- 
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TABLE  I 
The Effect of Sera upon Bacillus typhosus  Reacting Factors 
Intradermal 
dose of "AT" 
0.25 cc. 
dil.  1:4 
0.25 cc. 
undiluted 
0.25 cc. 
dil. 1:4 
0.25 cc. 
undiluted 
0.25 cc. 
dil. 1:4 
0.25 cc. 
undiluted 
0.25 cc. 
dil. 1:4 
0.25 cc. 
dil. 1:4 
0.25 cc. 
undiluted 
0.25 cc. 
undiluted 
Mixtures made in Vitro 
Intrave- 
nous dose 
of"A~" 
per kilo 
0.3  CC. 
Intravenous dose of 
serum per kilo 
"  Normalrabbit 
282 Serum 
(0.3 ce.) 
"  Normal rabbit 
169 Serum 
(0.3 cc.) 
"  Therapeutic  Horse 
Meningococcus 
Serum 148/438 
(0.3  cc.)  N.  Y. 
Board of H. 
"  Lederle anti-Erysip- 
elas horse serum 
(0.25 cc.) 
"  **Horse anti-ty- 
phoid serum 
(0.3 cc.) 
"  **Horse 62/4 anti- 
typhoid serum 
(0.3 cc.) 
"  **Horse 62/4 anti- 
typhoid serum 
(0.3 cc.) 
"  Horse  62/4  anti- 
typhoid serum 
diluted 1: 5 
(0.3 cc.) 
Agglnt~na- 
tion tlter of 
~F& for 
B. Opk,  os~ 
1:16 
Negative 
1:64 
Negative 
1:25.600 
1:25.600 
1:25.600 
1:25.600 
31  19 
57  41" 
19  13 
5  3 
9  6 
15  9 
7  0 
14  0 
9  0 
7  3 
'~  ~o 
0 
1 
0 
0 
2 
0 
7 
14 
9 
4 
1  11 
1  18 
3  3 
0  2 
0  1 
1  5 
0  0 
0  0 
0  0 
0  0 
* 4 rabbits were dead at the time of reading, but the reactions were distinct and 
well-defined. 
** These samples of blood were taken after 7½ months of immunization. 
rhagic areas of dark red appearance.  In the "negative" rabbits, no reactions were 
seen.  Some of the rabbits  died in the course of the 4½ hours  following the  in- 
travenous  injection.  Their deaths  were recorded.  If the dead  rabbits  showed GREGORY  SHWARTZMAN  517 
no reactions or a diffuse  discoloration  of the skin, no readings were recorded on the 
protocols.  When,  however, there was observed a well-defined  reaction, the result 
was noted. 
Table I represents a summary of the results obtained. 
As is seen from this table, the skin and intravenous doses employed 
elicited severe hemorrhagic reactions in about 95% of the surviwng 
rabbits.  On the other hand, 30 rabbits which received a mixture of 
the same amount of the filtrate with certain immune sera  (Horses 
3  and 4)  showed no reactions.  The experiment establishes beyond 
question the fact that Bacillus typkosus  reacting factors can be neu- 
tralized by immune sera. 
When a  mixture of the filtrate with the immune serum (Horse 4) 
previously diluted 1:5 was injected, there were obtained reactions in 
3 rabbits out of 7.  If the high percentage of positive results obtained 
in the control group is kept in mind, it becomes evident that the 1:5 
diluted  serum  produced  neutralization  of  the  reacting  factors  but 
did so irregularly.  The irregularity of neutralization with this dilu- 
tion  may be  explained by assuming  that  the mixture  contained a 
small amount of free reacting factors or that there was only partial 
neutralization of these factors so that only these rabbits possessing a 
high degree of reactivity were able to respond with reactions. 
It will furthermore be seen that sera possessing no normal agglutin- 
ins, or agglutinlns of a  low titer for Bacillus typhosus (282,  169  and 
Erysipelas  serum)  had  no  neutralizing  potency.  With  one  serum 
(148/438  anfimeningococcus horse serum) which had  normal agglu- 
tinins for Bacillus  typkosus in dilution 1:64,  there was a  suggestion 
of irregular neutralization. 
The  immune  sera  had  unquestionably  a  remarkable  protective 
potency against the mortality induced by the filtrate. 
Titration of the Neutralizing Potency of Immune Sera 
It  was  important  further to  determine whether the  neutralizing 
potency of  the  sera  could be  quantitatively measured.  In  the ex- 
periments summarized in Table II, a  constant amount of serum was 
titrated against increasing quantities of reacting factors. 
As is  seen from Table  II,  a  given amount of serum was able to 
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TABLE  II 
Tilration of ll,  e Neutralizing Potency of Anti-typhoid  Sera 
Mixtures  made  in  Vitro 
Intradermal  Intrave- 
dose  of "A,"  noust  dose  of 
per kilo 
0.25 cc.  0.5  cc. 
undiluted 
"  "  0.75 co. 
"  "  1  CO. 
"  "  0.5  cc. 
"  "  1  cc. 
"  "  1.25  cc. 
"  "  O. 5  co. 
"  "  1  CC. 
"  "  1.5  CC. 
"  "  1.5  cc. 
t,  .  O. 3  CO. 
"  "  0.5  cc. 
"  "  O. 75 cc. 
"  "  1  cc. 
"  "  0.5  CC. 
"  "  1  CC. 
"  "  1.25 cc. 
"  "  1.5  cc. 
"  "  1.75 cc. 
Agglufina-  Length  of 
tion  fiter  of  antityphoid 
Intravenous  sera  for  immunize- 
dose  of serum  B. typhosgs*  tion 
per kilo 
R  "201" 
(0.25 cc.) 
Horse 2 
(0.25 cc.) 
Horse 5 
(o. 25 co.) 
Bleeding 56 
Horse 5 
(0.25 cc.) 
Bleeding 63 
Horse 4 
(0.25 cc.) 
Bleeding 3 
Horse 4 
(0.25 cc.) 
Bleeding 62 
1: 6400  6 weeks 
1:25.600  7~t months 
¢¢  ~¢  ,c 
¢¢  ~t  ct 
1:25.61~  5  " 
"  7t  " 
1:1600"*  6 weeks 
~t  c¢  C~ 
t¢  g¢  gc 
1:25.600  7½ months 
t¢  ~t  ¢¢ 
5  0 
5  0 
5  2 
5  0 
5  0 
5  3 
5  0 
5  0 
5  5 
5  2 
5  3 
5  4 
5  2 
5  3 
I5  0 
10  0 
5  2 
5  1 
5  2 
* Agglutination tests were made at the time of the experiments. 
** The titer was the same shortly after bleeding. 
4  0  1 
2  3  0 
1  0  2 
5  0  0 
2  2  1 
0  1  1 
5  0  0 
5  0  0 
0  0  0 
3  0  0 
2  0  0 
0  0  1 
0  1  2 
0  0  2 
15  0  0 
10  0  0 
3  0  0 
4  0  0 
0  1  2 
t  Previous experiments have shown that these doses consistently produce re- 
actions in animals prepared with 0.25 cc. of undiluted filtrate "AC' 
was  considered  "consistent"  if obtained  in all  rabbits  tested  (a mini- 
mum  of  5  animals).  As  the  amounts  of  reacting  factors  were  in- 
creased,  neutralization  was  obtained  irregularly,  i.e., in  some  of  the GREGORY SHWARTZM.AN  519 
rabbits  only.  The  maximum amount  of reacting factors  "consist- 
ent]y" neutralized by 0.25  cc. of a  given serum was tentatively used 
to compute the neutralizing titer of a given serum.  Thus, if a 0.25 cc. 
of a  given  serum is  able to  consistently neutralize 0.5  cc.  of  "AT" 
(R 201, Table II) and irregularly neutralize 0.75  cc., its titer must be 
between these two figures.  Since 0.01  cc. per kilo of reacting factors 
is the minimum dose (page 514), the serum has been able to neutralize 
between 50  and  75  minimal  reacting doses,  the  titer,  is  therefore, 
approximately 60. 
In these titrations 0.25  cc. of serum was used instead of 1.0 cc. in 
order  to  keep  down  the  volume to  be  injected.  The  titrations  in 
terms of 1.0 cc. must be worked out experimentally. 
It will also be seen in Table II (bleedings 3 and 62, horse 4) that the 
titer of the neutralizing antibodies in the serum increased in the course 
of immunization. 
As indicated in the text, the purpose of the procedure described was 
twofold:  The first object was to establish the fact that sera can be 
prepared which have the power to  neutralize the Bacillus typ~sus 
reacting  factors.  The  second  object  was  to  outline  a  method  for 
titrating the potency of the sera.  It is obvious, however, that it is 
necessary to develop a permanent standard for ultimate comparisons 
since batches  of toxic  substances  vary in  their  potency.  Work  is 
under progress with this object in mind. 
CONCLUSIONS  AND  SUMM&RY 
It has been demonstrated that many multiples of minimal doses of 
Bacillus typkosus reacting factors can be neutralized by specific im- 
mane sera. 
The potency of a  given serum can be conveniently titrated against 
increasing amounts of reacting factors. 
If the immune serum is  diluted or if the amount of the reacting 
factors is  too  large for a  given amount of serum,  there is obtained 
neutralization but only irregularly. 
Normal  and  heterologous  sera  (therapeutic  meningococcus and 
erysipelas horse sera)  free of normal  agglutinins or possessing normal 
agglutinins of a  low titer (1:16)  for Bacillus typhosus are not able to 
neutralize  the  reacting  factors.  There  is  obtained  questionable 520  B.  TYPHOSUS  TOXIC  SLrBSTABICES.  HI 
neutralization  with  a  serum  possessing  normal  Bacillus  typhosus 
agglutinins in dilution 1: 64. 
The titer  of the  neutralizing antibodies  increases in  the  course of 
immunization. 
Immune  sera  exercise  a  definite protection  against  the  mortality 
induced by intravenous injection of Bacillus ~yphosus culture filtrates. 
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